The technique of bronchoalveolar lavage was used to obtain serial samples of lavage every two days from non-contused hing areas of seven traumatized patients and four normals; blood was drawn simultaneously. Urea, total protein, albumin, aj-proteinase inhibitor, a 2 -macroglobulin, lactate dehydrogenase, ß-N-acetyl-glucosaminidase, myeloperoxidase, and elastase enzyme activity, äs well äs complexed and total elastase concentrations were determined in bronchoalveolar lavage fluids and plasma samples. Lavage fhiid cell pattern was counted. Polymorphonuclear leukocytes were isolated from lavage fluids and blood samples. Granulocyte Contents of elastase enzyme activity, complexed and total elastase concentrations, and myeloperoxidase and lactate dehydrogenase activity were determined. Polymorphonuclear leukocyte stimulatory functions were measured by luminol-enhanced Chemiluminescence.
Introduction
Bronchoalveolar lavage methods have been used to characterize inflämmatory and immune processes of the lower respiratory tract in different chronic and acute forms of pulmonary diseases. Evaluation of lavage fluid serves to assess composition, concentrations and functions of soluble and cellular bronchoalveolar lavage fluid components for diagnostic, prognostic and therapeutic purposes (1) . Furthermore, from the data already acquired by this technique, it is apparent that bronchoalveolar lavage has and will continue to yield major inSights into the pathogenesis, staging, and therapy decisions involved in pulmonary disorders (2) .
Inftammatory processes are the product of cellular Stimulation and humoral effects with the common pathological result of pläsma exudation and leüko-cyte Sequestration and accumulation. A variety of severe physißal, chemical or infectiöüs insults are frequently followed by the Adult Respiratory Distress Syndrome. The precise pathophysiological events that contribute to this syndrome formation are largely unknown. However, substantial evideiice strongly suggests that the pulmohary lesions known to be associated with the Adult Respiratory Distress Syndrome may result from polymorphonuclear leukocyte Sequestration in the pulmonary microcirculation and their migration across the vascular-alveolar barrier. An increased release of toxic and damaging products like lysosomal proteinases äs well äs disturbances of the proteinase-proteinase inhibitor imbalance have been discussed äs possible mediators of this syndrome (3 -8) .
In a prospective study we addressed our attention to the serial evaluation of soluble and cellular biochemical factors and events that take place at the site of inflammation in developing hing injury in traumatized patients. The present investigation was performed to evaluate a procedure, firstly fbr getting Information about some pathomechanisms of lung inflammation and injury, especiälly about markers for permeability and granulocyte function alterations and secondly, hereby to establish ä System for the prediction of improvement or deterioration of the patients' lung Situation from the serial course.
Specifically, the protein patterns of bronchoalveolar lavage fluid and pläsma were examined during posttraumatic inflammation in the lung. The enzyme Content of polymorphonuclear leukocytes isolated from lavage fluid and from blood wais also investigated. The granulocyte stimulatory capacity was evaluated by lumiiiol-enhanced chemiluminescence responses of lavage arid blood derived granulocytes to establish possible changes of polymorphonuclear leukocyte functions caused by biochemical events occurring during passage from the blood into the alveolar space.
Materials and Methods

Study population
A group of 7 traumatized patients predisposed to the development of the Adult Respiratory Distress Syndrome was studied. Associated injuries included blunt thoraqic trauma with rib fractures, blunt abdominal trauma and multiple extremity fractures. All had suffered to some degree from an early phase of hypovolaemic shock after trauma. The clinical characteristics of the patients and their injury pattern are listed in table 1 . A control group (n = 4) was also studied. After informed consent patients undergoing operative removal of osteosynthetic foreign bodies were lävaged shortly after intubation arid before the beginning of the operative procedure.
Bronchoscopy was performed routinely every 48 hours for therapeutic reasons, and additionally the non-contused part of tbe lung was lävaged under the described-eonditions. Bronchoscopy and bronchoalveolar lavage procedure were done on the normal control group immcdiately before surgery and on the traumatized patients at the time of their admission to the intensive care unit and thereafter at the times indicated in table 1. Lavage fluid was recovered with a modification of the method of McGuire et al. (9) . Briefly, evaluation of the airways was carried out with a flexible fiberoptic bronchoscope (Olympus BF type l T 10, Olympus Corporation of America, New Hyde Park, N. Y.) and the tip of the bronchoscope was wedged in bronchus 4 or 5 of the right middle lobe (or lingula) of the non-contused lung. This ensured a complete blockage of a 2nd order bronchus and allowed for an isolated segmental lavage without an appreciable amount of contamination with tracheo-bronchial blood. Each lavage was performed by the injection of 40 ml of sterile saline (9 g/l) followed by its suction removal through the bronchoscope and collection in a sterile graduated plastic Container: Quantities of 25 -30 ml were recovered. After collection of lavage fluid, sodium citrate solution (31.3 g/l) was added in a l : 10 proportion to avoid coagulation. The fluid was filtered through a two-fold layer of surgical gauze and the volume was measured. After removal of a l or 2 ml aliquot for differential cell counting, all of the remaining lavage fluid was divided and layered on a modified (10) two-step discontinuous Percoll gradient (3 ml each of l .077 and l .095 g/cm 3 densities) in four to six 13 ml polystyrene tubes and centrifuged at 400g at 22 °C for 20 min. The upper layers of.the tubes were combined, centrifuged (12000g at room temperature for 2 min) to remove remaining cells, and several l ml aliquots were frozen at -70 °C until determination of the Contents. One aliquot was diluted with an equal volume of normal plasma for the immunological determination of the total elastase content. Granulocytes were harvested from all tubes, combined, washed twice with phosphate buffered saline by centrifugation (600 g for 10 min at 22 °C), resuspended with 200-500 μΐ of Minimal Essential Medium buflfer solution and counted using a Neubauer haemocytometer after cell staining with Twr/c's solution. The resultant polymorphonuclear leukocyte Suspension was used for chemiluminescence measurements and protein determinations.
Prevention of bronchoalveolar lavage fluid contamination
Only lung Segments without bronchoscopic evidence of contusion were studied with bronchoalveolar lavage in order to avoid the contamination of lavage fluid with blood.
False positive lavage protein concentrations are quite often detected if more than 20 μΐ of blood are detected in lavage fluid samples of about 30 ml. Assuming a contamination of 20 μΐ of blood in 30 ml of lavage fluid and taking into account the normal concentrations of different proteins in plasma and bronchoalveolar lavage fluid, one can calculate an increase up to 1.5 fold for the concentrations of several proteins in lavage fluid. Therefore, a check of blood contamination was performed s follows: after harvesting granulocytes by Percoll gradient centrifugation (see above) red blood cell pellcts from all the centrifugation tubes were combined, lysed by l ml of distilled water and haemoglobin measured by the cyanomethaemoglobin method with Drabkin's reagent. If more than 3 g/l •haemoglobin in the lysate were found, it was assumed that the original lavage sample had been contaminated with more than 20 μΐ of blood, and it was discardcd.
Differential counts of bronchoalveolar lavage fluid cells Lavage cells of a l or 2 ml aliquot of filtered lavage fluid (see above) were concentrated by centrifugation (600 g al 22 °C for 10 min) and resuspended with 0.1 ml of Minimal Essential Medium buffer solution. Smears were prepared on a microscopc glass slide, and stained with May-Gr nwald and Gicmsa solution according to Pappenheim. Differential counts were then made using a Universal microscope (Zeiss, Oberkochen, FRG) and immersion oil, magnification χ 1000. The fractions of lymphocytes, alveolar macrophages and polymorphonuclear leukocytes were determined.
Polymorphonuclear leukocyte isolation from blood
Within one hour bclbrc or after the lavage procedure, vcnous blood was drawn and anticoagulated by ihe addition of 31.3 g/l sodium citratc solution (9 voJ of blood 4· l vol of citratc solution). Four ral wcre laycred on a two-stcp discontinuous Pcrcoll gradicnt (dcnsitics of 1.077 and 1.095 g/cm 3 ) and proccssed äs dcscribed in thc scclion 'bronchoalveolar lavagc tcchnique'. The rcsulting granulocyte Suspension was used for thc measurements of chemilumincscencc and protein conccntrations.
Plasma samples
An aliquot of the venous blood samples (see above section) was removed and centrifuged al 800 g for 15 min at 22 °C. The resulting piasma was kept frozen at -70 °C until use.
ine dihydrochloride äs Substrates, l unit of myeloperoxidase was defmed äs the activity that catalysed the reaction of l umol of H 2 O 2 per minute under the test conditions employed.
ß-N'Acetyl-glucosaminidase
The enzyme activity was measured fluorimetrically according to Yatziv et al. (14) with 4-methylumbelliferyl-N-acetyl-ß-/>-glucosaminide äs a Substrate and 4-methylumbelliferone äs a Standard, l unit of ß-N-acetyl-glucosaminidase was defined äs the activity that catalysed the reaction of l of Substrate per minute under the test conditions employed. Fluorescence was measured with a Model RF-510 spectrofluorophotometer (Shimadzu, Japan).
Polymorphonuclear leukocyte lysis
In order to measure the protein contents of granulocyles (except for total elastase) l volume of the granulocyte Suspension (isolated from lavage fluid and citrate blood, respectively) was diluled with l volume of lysing mixture (1.5 g of digitonin and 100 ml of distilled water containing l g of NP 40 were stirred for 3 hours, the undissolved digitonin was allowed to settle and the clear supernatant was used), sonicated for 10s in ice (Position 60 on the Braun-Sonic 125 sonifier, Quigley-Rochester, Inc. N. Y., U. S, A.), aliquoted and frozen at -70 °C until determination. For total elastase content l volume of granuloĉ yte Suspension was diluted with l volume of normal piasma (to complex free elastase and to avoid adsorption of the basic protein elastase on plastic material) and 2 volumes of the above lysing mixture. After sonication for 10s, aliquots were frozen at -70 °C until determination. After thawing, these lysates were sonicated for 10s in ice, and the samples were then measured without previous centrifugation.
Test procedures
Protein
The total protein concentrations of piasma samples and bronchoalveolar lavage fluid were determined with the biuret method according to Kingsley (11) . Bovine serum albumin (70 g/l) in saline (9 g/l) served äs a protein Standard.
Laclate dehydrogenase
The lactate dehydrogenase activities of lavage fluid, piasma and lysate samples were determined with the test combraation *LDH opt.' (BoebringerrMannheim, FRG).
Elastase activity
Granulocyte elastase in bronchoalveolar lavage fluid, piasma and lysate samples was determined üsing the protocol and the reagents of Kabi Diagnostica. The Substrate pyroGlu-Pro^Val-/?NA (S 2484, Kabi Diagnostica, Sweden) was used in the initial rate method, recording the absorbance change at 405 nm and 37 °C. l unit of elastase activity was defmed äs the Substrate turnover of l /inin under the test conditions employed.
Elastase concentration
The immunological determination of elastase concentrations in lavage fluid, piasma and lysate samples was performed with the enzyme immunoassay test combination *PMN Elastase' (E. Merck-Darmstadt, FRG). Lavage fluid and piasma samples were measured with and without the addition of normal piasma, to investigate the ratio of complexed-to ßree elastase. The values were corrected for dilution and the elastase content of added normal piasma.
Albumin
Albumin concentrations of piasma samples and lavage fluids were measured by the bromocresol green method according to Schirardin & Ney (12). A 70 g/l bovine serum albumin in saline (9 g/l) Standard solution was used.
Haemoglobin
The haemoglobin concentration of erythrocyte lysates was measured by the cyanomethaemoglobin method with Drabkirfs reagent.
Urea
Urea concentrations of lavage fluid and piasma samples were determined enzymatically with the test combination 'Harnstoff S' (Boehringer-Mannheim, FRG).
cti-Proteinase inhibitor (v, { -antitrypsin) and <JL T macroglobulin
Both proteins were determined in lavage fluid and piasma samples nephelometrically using reagent sets, protocols and Instrumentation of Immuno Diagnostika GmbH, Heidelberg, FRG.
Myeloperoxidase
The activity of myeloperoxidase was determined photometrically according to Henson et al. (13) After pipetting the granulocyte Suspension the chemiluminescence tubes were agitated gently, chemiluminescence measurements were started simultaneously in 6 channels, and the photon emission was recorded continuously for at least 60 min. Two chemiluminescence parameters were calculated from the measurements: Table 2 summarizes the distribution of bronchoalveolar lavage cells between lymphocytes, macrophages and polymorphonuclear leukocytes. The total number of granulocytes isolated from lavage fluids ranged between 0.06 and 10.0 · l O 6 cells. As compared with the composition of lavage cells in normals (macrophages 0.93, lymphocytes 0.07, granulocytes < 0.01 (15)), the distribution pattern was highly shifted in favour of polymorphonuclear leukocytes for all patients. Furtfiermore, the lymphocyte counts were initially increased in patients l and 2 and tended to decrease with time.
Results
Differential cell counts
Bronchoalveolar lavage concentrations of urea and proteins
Two different types of soluble substances were found in lavage fluid:
(I) those of vascular origin such äs urea, albumin, a r proteinase inhibitor, and a 2 -macroglobulin (a 2 -macroglobulin may also be secreted by alveolar macrophages) (16) that can appear in lavage fluid via diffusion from blood, and (II) those of predominantly cellular origin from invading mobile cells (lymphocytes, macrophages, polymorphonuclear leukocytes) found after secretion or release.
Examples include lactate dehydrogenase, ß-N-acetylglucosaminidase, elastase and the elastase-a r proteinase inhibitor complex. If the urea concentrations in plasma and lavage fluid serve äs an indicator of the extent of plasma exudation the difference between calculated and measured amounts of different proteins in bronchoalveolar lavage fluid should depend on their permeabilities for type (I) proteins and additionally on the extent of secretion or release by migrating and phagocytosing or dying cells for type (II) proteins. hibitor and a 2 -macroglobulin in lavage fluid were higher than those measured, indicating a lower permeability of any of these proteins in comparison to urea. In contrast, the calculated amounts for ß-Nacetyl-glucosamihidase, complexed elastase, and total elastase were found to be lower than those measured, presumably due to their origin from migrating cells. These migrating cells are probably predominantly polymorphonuclear leukocytes, äs indicated by the gfanulocyte-specific elastase that would be released during constant low grade basic phagocytosis by granulocytes of airway-invadingmicroorgänisms. Enzyöiatically active elastase was not observed in either lavage fluid or plasmä, probably due to the presence of inhibitöf (a r proteinase inhibitor and a2-macröglo-bulin) in sufficient qüantity to completely bind free elastase. Hie ratio of the concentrations of a specific substance to urea concentration in lavage fluid should decrease, compared with plasma, with the decreasing permeability of this substance, and vice versa. Figure 3 shows the protein/urea ratios in plasma and lavage fluid for all patients äs well äs for normals.
Albumin
In plasma the mean ratio for patients (0.099) was somewhat lower than in normals (0.123), presumably äs a result of albumin loss; the lavage ratio (0.044) was found to be about 5.6 times higher than in normals (0.0079) indicating an increased permeability of the blood-air barrier.
, -Proteinase inhibitor
The mean plasma ratio for the patient group (14.0) was found to be higher than in normals (7.77) äs a result of an acute phase 'reaction. The mean lavage ratio (1.56) was found to be 7.1 times higher than that of normals (0.22), which is further evidence of increased permeability. 
0.2-Macroglobulin
Because of an increased consumption of a 2 -macroglobulin, the mean plasma ratio of the patient group (3.7) was below the normal ränge (5.1), whereas the mean lavage ratio of patients (1.14) was elevated 16.3 fold above normals (0.07). This high lavage ratio is probably partially caused by additional a 2 -macroglobulin secreted from alveolar macrophages, leading to an overestimation of permeability disturbances.
Total prolein
Loss of total protein results in a decreased mean plasma ratio of patients (0.173) äs compared to normals (0.22), whereas the lavage ratio of patients (0.185) was 7 fold higher than the normal ränge (0.027). The mean ratios for plasma and lavage fluid were found to be nearly equal äs a consequence of the contribution of type (II) lavage proteins released by inflammatory cells, thus distorting the true conditions for exact transudatipn calcülation.
Lactate dehydrogenase
Whereas the plasma ratios of patients (1.22) and normals (1.03) were nearly eqtial, the mean lavage ratio increased from 0 for normals to 6.7 for the patient group, clearly indicating that this elevation could only be caused by cellulär release rather than by transudation. , j
ß-N-A cetyl-glucosaminidase
The same was true for the corresponding ß-N-acetylglucosaminidase/urea ratio data. In this case the mean lavage ratio of patients (349.6) was 15.8 fold higher than that of normals (22.2) and 11 fold higher than the mean plasma ratio (31.9) in patients, indicating its cellular origin in the alveolar space.
Elastase
The above observations were further supported and confirmed by the elastase-a r proteinase inhibitor complex. In plasma the mean ratio for patients (1.43) was 4.6 fold above normals (0.31). In lavage fluid this ratio was 77.7 fold higher and the patients' lavage ratio was 116.6 in comparison with 1.43 for plasma, i. e. a 81.5 fold increase.
Course of bronchoalveolar lavage protein/ urea ratios
In figure 4 the course of lavage protein/urea ratios is demonstrated for single patients. Large differences between individuals in the sequential course of ratios were observed. Patient 1. There was an elevation of all ratios to a maximum on the second day with a subsequent decrease to normal values after 8 days.
Patient 2. High and increasing ratios of type (II) proteins, ß-N-acetyl-glucosaminidase and complexed elastase, which indicate an increased probability of damage, were accompanied by an increase of permeability markers, i. e. the albumin/urea, a r proteinase inhibitor/urea and a 2 -macroglobulin/urea ratios. The survival of this patient indicated that reversible improvement at this stage of lung injury can occur.
Patient 3. During the posttraumatic course all protein/urea ratios declined toward normal ratios. As indicated by low complexed elastase/urea ratios the elastolytic bürden of lung structure was negligible.
Patient 4. After an initial rise of all ratios on day l a rapid subsequent decrease was observed in all Parameters, indicating an improvement of the permeability Situation and a diminishing influence of released enzymes.
Patient 5. The behaviour of the ratio course of this patient was quite similar qualitatively to that of patient 4, but less pronounced quantitatively.
Patient 6. This patient showed high type (I) protein ratios on day l and high type (II) protein ratios on day 2; both decreased rapidly in the posttraumatic period, indicating an improvement of the lung Situation.
Patient 7. The ratio course of this patient equals that of patient 2. Type (I) protein ratios demonstrated a progressive increase of permeability; type (II) protein ratios showed increasing enzyme release from phagocytes until day 6; nevertheless, the lung Situation improved and this patient survived. Figure 5 demonstrates the content of lactate dehydrogenase, myeloperoxidase, and elastase enzyme activity, äs well äs complexed and total elastase concentrations in granulocytes isolated from blood and lavage fhiid of patients and normals. Generally, in nearly all measurements the inter-individual scattering was highest in cells isolated from lavage fluids.
Enzyme content of polymorphonudear leukocytes
Lactate dehydrogenase
The cytoplasmic lactate dehydrogenase activity was lower in blood-derived cells of the patient group (105.4 U/10 9 cells), the mean Contents of lavagederived cells and normal cells (150.2 and 142.4 U/10 9 granulocytes, respectively) being of comparable size.
Myeloperoxidase
Myeloperoxidase activity in lavage-and bloodderived patient cells were lower (49.2 and 40.7 U/10 9 cells, respectively) than in normals (112.8 U/10 9 cells).
Elastase activity
As with myeloperoxidase, the elastase enzyme activity was found to be lower in patient lavage-and bloodderived cells (46.4 and 66.9 U/10 9 granulocytes, respectively) in comparison with normals (105.6 U/10 9 cells). Together with the myeloperoxidase results, this could be explained by enzyme loss through regurgitation during feeding or by frustrated phagocytosis.
Complexed elastase concentration
In comparison with normals (1.34 g/10 9 cells) the complexed elastase concentrations were markedly elevated in patient blood cells (3.28 g/10 9 granulocytes) and drastically increased in lavage-derived patient granulocytes (360.9 g/10 9 cells). 
Total elastase concentration
The total elastase content of patient blood and lavage granulocytes was lower (6154 and 7684 μ §/10 9 cells, respectively) than in normals (9962 μ §/10 9 cells). This observation may confirm the above spec lation about enzyme loss through phagocytic activity.
Chemiluminescence results
Absence of chemiluminescence data points in the figures indicates that there was an insufficient granulocyte count to investigate.
From chemiluminescence measurements we tried to obtain s much information about the functional Status of blood-and lavage-derived granulocytes s possible. The stimulatory capacity of the cells was therefore evaluated s follows:
1. peak maximum c Unts/min values (CL l -K 1): magnitude of maximum photon emission from 25 000 granulocytes (CL 1) stimulated by zymosan and AB plasma corrected for the eounts/min val e produced in absence of zymosan b t in presence of AB plasma (Kl) 2: peak time in min: time required to reach (CL 1); by using a constant opsonin concentration (constant vplume of AB plasma) this time can only vary s a result of changes in granulocyte receptor affinity and/or concentration 3. peak maximum counts/min values (CL 2-K 2): magnitude of maximum photon emission from 25 000 granulocytes (CL 2) stimulated by zymosan without AB plasma addition corrected for the counts/min value produced in the absence of zymosan and AB plasma (K 2) 4. control counts/min (K 1): magnitude of maximum photon emission from 25 000 granulocytes without zymosan in presence of AB plasma 5. control counts/min (K 2): magnitude of maximum photon emission from 25 000 granulocytes without zymosan or AB plasma Figure 6 summarizes the chemiluminescence results. Normal ranges (x ± s; n = 8, shaded areas) were determined for blood-derived granulocytes of normal healthy donors.
Patient l. In the posttraumatic course lavage-derived granulocyte chemiluminescence showed a distinct maximum of zymosan H-AB plasma-stimulated values above normals, indicating a higher degree of excitability than blood-derived cells.
The time to reach maximum values was prolonged for blood-derived cells on day 4, and extremely shortened for lavage-derived cells. This effect is supposed to have been caused by granulocyte passage across the blood-air barrier, during which the sensitivity of the cells seemed to increase, thus being stimulated faster and to a higher degree. An unusually high degree of Stimulation by zymosan without opsonin (AB plasma) was observed on day 4; the controls also had elevated values. An explanation for this phenoinenon cannot be given at present. Patient 2. In this patient quite different behaviour was observed. The stimulatory capacity (CL l -K 1) was higher for blood-than for lavage-derived granulocytes, especially on day 8. Beginning on day 2 the reaction times were shortened for both lavage-and blood-derived cells, possibly indicating a receptor alteration. (CL2-K 2) values were observed to be higher than in normals.
Patient 3. With the exception of day 4, only blood granulocytes could be studied. During the complete posttraumatic co rse they Were found to be in a state of faster and higher stimulatory capacity compared with normals. The blood-derived cell Stimulation by zymosan without AB plasma was again found to be above that of normals. Patient 4. In this patient äs well, only blood-derived cells could be investigated with the exception of day 1. The blood granulocytes were excitable to a higher degree of photon emission than normals on days l and 4. This was accompanied by s slower reaction than in normals. Zymosan Stimulation without AB plasma addition was again elevated.
Patient 5. Lavage-derived granulocyte Stimulation by zymosan and AB plasma showed an increase from subnormal to supranormal values between days l and 4, accompanied by short reaction times. Bloodderived cell values were several fold higher than those of normals, and increasingly so with time. Patient 6. (CL l -K 1) values were found above normals for blood granulocytes and below normals for lavage granulocytes with a tendency towards normalization throughout the course. Photon emission times were low for lavage cells during the whole course, whereas blood-derived cell times were higher on day l and lower on days 3 and 5 äs compared with normals. (CL 2-K 2) values were several fold higher than those of normals.
Patient 7. In comparison with the only lavage granulocyte value on day 6 the blood granulocyte stimulatory potentials was found to be far above the normal ränge and the Stimulation times were below the normal ränge. As for the majority of patients, the zymosan-stimulated chemiluminescence without AB plasma was above normal values. gressing to death, bronchoalveolar lavage fluids of the non-contused part of the hing clearly indicated distinct signs of inflammation and differentiation during the posttraumatic course. In comparison with normals (1) the bronchoalveolar lavage cell distribution was altered towards an increased number of lymphocytes and a markedly increased number of polymorphonuclear leukocytes äs evidence of inflammation. The lactate dehydrogenase activity found in the patients 9 lavage fluids greatly exceeded the transudated portion, indicating enzyme release by cell damage in the interstitial-alveolar space. To judge whether only granulocyte lysis contributed to the lavage fluid's enzyme concentration, the hypothetical number of totally damaged granulocytes was calculated from elastase-a r proteinase inhibitor complex, ß-N-acetyl-glucosaminidase and lactate dehydroge- Normal contents (x from n = 8) served äs a reference: | perlO 6 9.96 g elastase-qti-proteinase inhibitor poly-1.45 mU ß-N-acetyl-glucosammidase morpho-0.14 U lactate dehydrogenase nuclear J leukocytes nase contents in patient lavage fluids by using the normal values äs also determined in this study. The results are presented in figure 8 . From the granulocyte-specific elastase concentrations of all patient lavage fluids a mean of 0.79 · l O 6 totally lysed polymorphonuclear leukocytes was calculated. Based on the ß-N-acetyl-glucosaminidase (and lactate dehydrogenase) content a mean of 24.1 · 10 6 (5.75 · 10 6 ) granulocytes was calculated. This leads to the conclusion that cells other than polymorphonuclear leukocytes, presumably alveolar macrophages, took part in the liberation of the enzymes. In order to overcome the variability of lavage fluid sampling and the difficulty of comparing lavage protein concentrations, all concentration values were related to urea äs an internal reference substance instead of to albumin (17) or an external reference such äs methylene blue (l 8). By this method the albumin/urea and a r proteinase inhibitor/ urea ratios in lavage fluid and plasma clearly indicated an increased permeability of the blood-air barrier. a 2 -Macroglobulin/urea and total protein/urea ratios did not *demonstrate such a change. On the other hand, lactate dehydrogenase, ß-N-acetyl-glucosaminidase, and elastase were predominantly released by phagocytes rather than transudated from plasma. Thus, ß-N-acetyl-glucosaminidase and elastase could be used äs markers of the degree of predisposition to lung injury development (e. g. Adult Respiratory Distress Syndrome), that may be initiated by neutral proteases like elastase (3, 7).
Careful consideration of type (I) and type (II) lavage protein/urea ratios could allow the prediction of improvement or deterioration of the patients' lung Situation. In comparison to normals, decreased myeloperoxidase and elastase activities, äs well äs elastase concentrations of patient lavage-and blood-derived polymorphonuclear leukocytes, demonstrated enzyme loss, presumably through phagocytosis. Complexed elastase was found to be more than 100 fold elevated in lavage-derived granulocytes. Further investigations are needed to elucidate whether polymorphonuclear leukocytes are able, like macrophages to incorporate free or complexed elastase by phagocytosis (19) (20) (21) . From chemiluminescence data it was evident that lavage-derived granulocytes had partially lost stimulatory capacity, in comparison with above normal activity in blood-derived cells. Furthermore, lavage granulocytes seemed to acquire an increased receptor efficiency during blood-air passage, documented by shortened photon emission times. The migration of polymorphonuclear leukocytes from blood to alveolus seemed to be linked with a transformation process that resulted in a less aggressive type of cells with respect to stimulatory mechanisms which release toxic and damaging mediators of lung injury. Such altered granulocytes are believed to be exhausted, their content partially released into the lavage fluid and their chemiluminescence response diminished. This is supported by the simultaneous comparison of lavage type (II) protein/urea ratios and the stimulatory capacities of lavage-and blood-derived polymorphonuclear leukocytes. In patient 2 on day 8 when ß-N-acetyl-glucosaminidase and elastase concentrations were at their highest, the simultaneous chemiluminescence response exhibited a maximal difference between the stimulatory functions of blood (highest) and lavage (lowest) granulocytes. Exactly the same correlation was observed in patient 4 t (day 1) äs well äs in patient 5 (days l and 4), and ha patient 6 (days l and 3). This striking relationship needs to be confirmed by further studies on patients developing severe Adult Respiratory Distress Syndrome.
